Abstract. Nowadays, with the rapid development of network, the information of online big data becomes more and more complex. The heterogeneous and cyberization are the other names of the big data. Therefore, traditional methods of data correlation are not fit for to analyze and manage the data based on online user behaviors. However, there are many new questions with data correlation need to be concerned and solved. In this paper, we choose two kinds of methods of the data correlation to study. The correlation of keywords and the clustering rhythms are used to analyze the big data correlation based on the online user behaviors. We first analyzed the trends and networking characteristics of current information data development. With the analysis of current information data and the dimension of the relationship, we mined the network characteristic of information data. From the networking dimension of the data, based on the heterogeneous network and social network, we studied the proposal method of data correlation to solve the problems in clustering, recommendation, querying and prediction of the big data.
Introduction
Nowadays, technology develops constantly in society. Internet affects the political, economic and cultural life increasingly which draws great attention of the whole society. In the recent ten years, the big data is much more popular than ever thanks to the numerous online users. Either from the growth rate or size, online users are one of the most important reasons for the development of the big data [1] . The information data of the web-based application is the most important part of the big data. The big data must have some networking characteristics. The aim of the research of the big data is to achieve the value through the characteristics, such as the scale, structure, dimension, and correlation. Those characteristics are necessary to guide us to understand the data and information of the network.
Although the relation between the big data and the network is very close, the combination of those two are too complex to analyze because of the numerous online uses. Therefore, the analysis of the data correlation of the big data, with the traditional methods and the novel algorithms of the group structure, for our understanding of the network development has its significance. This paper is organized as follows. A discussion of the related work is provided in the next section. Section 3 introduces the network characteristic of the big data. Section 4 introduces the algorithms of data correlation analyzed in this paper. Section 5 shows the data and results of the data correlation. The last section is about the conclusion and future work.
Related Work
In recent years, many academics all over the world continued to be concerned about the age of the big data. Their research show that the impact of the big data has gone deep into the various fields [2] [3] [4] [5] . However, those research mostly focus on the question that how to use the big data to promote the industry of information. According to those researches, the data correlation is important for us. In the field of network structure, clustering analysis is used to study the correlation of the network nodes. In this paper, the clustering algorithm is used to analyze the big data correlation.
The processes of dividing the physics or abstract objects into some clusters with the methods of data analysis is called clustering analysis. At present, the research methods of clustering analysis are divided into the demarcation method, the layer method, the method based on density, the method based on mesh, the method based on model, the method based on controlling, and so on. Among those methods, the demarcation method is being given an extensive research and application now [6] .
The Network Characteristic of the Big Data
Along with the diversification of the information format and the category, there are various different types of information data in the internet, such as messages, webpages, pictures, medium flows, and so on. Therefore, the internet is a complicated heterogeneous network of information and data. The big data in the internet is heterogeneous and cyberization too.
The big data has four basic characters [5] . The four basic characters are volume, velocity, variety and value. Those four characters denoted by 4V are proposed by IDC. "Volume" means that the big data has very big scale. "Velocity" illustrates that the data is changing with time. Both the scale and the growth rate are increasing second by second. Besides that, the network environment of the big data is dynamic. "Variety" shows us that the big data is complex because both the sources and the formats of the online data are heterogeneous. "Value" means that we can get much more important information through the online big data.
The Methods of Data Correlation
In the age of the big data, because of the huge scale and miscellaneous categories, the data process methods need to be given new meaning technically and logically. Because of the high-dimension and network characteristic, the clustering algorithm is effective at data correlation.
The Data Correlation between the Keywords. The keywords play an important role in the field of data correlation.
We take the music charts as an example of the keywords correlation. In music search charts there are five kinds of keywords, such as the song, the singer, the singer and song, the musical recording and the lyric of song. First two factors could be seen in every kind of music charts. Most of music charts only show the ranking of songs. So we call the keywords of "the song" as common ones. Oppositely, the keywords of "the singer and song" are special ones.
We analyze the correlation between special keywords and common ones as Eq(1).
In our study, X and Y mean different keywords of music search charts. X means the ranking of "singer and song". Y means the one of the "song". E(X) means the average rank of the "singer and song" during a period. E(Y) means the average rank of the "song". D(X) shows the variance of the "singer and song". D(Y) shows the one of the " song". Finally, we can separate the songs with the criterion of correlation.
The Label Propagation Algorithm. The label propagation algorithm was proposed by Raghavan [7] in 2007. It is a near linear time algorithm to detect structures based on label propagation in large-scale network. The name of the algorithm called as LPA for short. The idea of label propagation is rather simple. In that algorithm each vertex is initialized with a unique label and adopts a label that a maximum number of its neighbors have at every iteration step. At the end of the algorithm, vertexes with same labels are clustered together as communities, shown as Fig.1 . There are three vertexes in the figure below. At the first, those vertexes are initialized with the labels from a to c. the label of vertex b is changed to adopt the label that a maximum number of its neighbors have. After three steps, the labels of those three vertexes are same. The approach of LPA is improved to time-based algorithm by Pang [8] . The novel LPA temporally change the vertexes to labels and then into clusters. The approach is based on the analysis of user behaviors and community structure. The time-based algorithm is applied to online social network. The advantage of LPA is its simplicity, randomness, and time efficiency. Its time complexity can reach in liner time. LPA adapts to the "Velocity" of the data.
The weight-based label propagation algorithm (WLPA) is another novel LPA which does well with the networks which have numerous edges. The weights of edges are proposed to estimate the relationship among the vertexes in the online social network if the relationship of vertexes cannot be evaluated only with edges.
Data and Results
In this chapter, we selected an online social network to analyze the network characteristic of the big data with the algorithms above. The social network is a real-time searching chart. In the chart, the ranking of the keywords are based on the number of times they were searched by online users.
All of the data is from a Korean web station. The music part of naver-charts just rank keywords based on the searching times. It shows the top-10 search keywords of music in real-time.The period of the data is one week. We collect the data of the music search charts from July 9th to July 17th.
The Data Correlation between the Keywords. We name the special keyword "sing and song" as S. We call the common keyword of song as C for short. Figures below illustrate the correlation between S and C. The blue line is about S while the green one is about C.The x-axis is the time. The y-axis shows the ranking of the keyword. Fig.2 shows the correlation during one week. When the amount of data dimension increases, the data correlation will be more complex, therefore, the research on the clustering algorithm and networking technology of multi-dimension data in big data networks is essential.
We use the novel LPA (The weight-based label propagation algorithm). Let the nodes be the keywords. Let the line between the nodes be correlation of them. We are able to classify the keywords by the clusters.After derivation and calculation, we finally get the model of search probability as shown below. The data of Fig.3 which illustrates an independently high-density cluster is collected in one day. Fig.  3 illustrates the community structures very clearly.
Summary
As the case study, we finished some basic researches and provide specific solutions for problems of data correlation of the online heterogeneous data. The correlation of the data is important and useful in the fields of and promotion. With the aim of data correlation, firstly, we analyzed the network characteristic of the big data. According to those features, the traditional method and novel clustering algorithm are both able to analyze the data correlation with different kinds of data.
We will study the novel clustering algorithm of recommendation, querying and prediction in the future.
